aD ee ae WF Be 


HAMILTON INDUSTRIAL 
PARTICULATE - 
SOURCES AND DEPOSITION 


APRIL 1993 


i Ministry of 
i t 
Ontario Environmen 


ISBN 0-7778-1176-6 


HAMILTON INDUSTRIAL PARTICULATE -- 
SOURCES AND DEPOSITION 


APRIL 1993 


© 


Cette publication technique 
n’est disponible qu’en anglais. 


Copyright: Queen’s Printer for Ontario, 1993 


This publication may be reproduced for non-commercial purposes 
with appropriate attribution. 


PIBS 2324 


ee ee ee D. mm À Le. À a EE —— D —— SS —— 


HAMILTON INDUSTRIAL PARTICULATE -- 
SOURCES AND DEPOSITION 


Report prepared by: 


F. Dobroff 
West Central Region 
Air Quality Assessment 
Technical Assessment Section 
Ontario Ministry of Environment and Energy 


- STATING SSS aes P 
ré vt TR ri ta CET ‘a 


ci Sone ma 


Howe. 7 _ 
woes irs ae 
A (ht Ta 
70 herrea: olen? 


jé TY vomit wre 1 


TABLE OF CONTENTS 


2 
ike BACKGROUNG mie oth A Te ie eee ee à) Ua) ce à à + + à + os 
DÉHeCEIVeROR = StuGy ferns: snc Us: 2 4 ee à © Ss à à à s 


AVG HeROdONOUV s, tis Mauss apa) eee den Le es à + à + We ee 
Sie WaretloOnsmOVeroTIMes 6 Le eee ie 6 + 2e de à à Sw à 
Ar. MIE VMOot bust Fall Results . + à + « à « © #*s à + % 
5e Partlcuiate COMmPOSiEION 5: 4 « à « « © 6s à à + + + à + 


6. DORE OANEVArIAClONS, ud. oes ve ve 8e, 6 ele + 0 6 


Grerleeouspended: Particulates, . . + + «6s + so + à … + ‘5 à 
Bo TOU See ee ac ence sos ee -e à Se se + à 13 


is Day Versus Night - Suspended Particulates ...... 


8. Effect of Raïnfall: on Particulate.Levels ...« « « «..«.« « 

9. Correlation With Wind Direction |: « « 5 9 + à à à « « 
opp ouspended Particulate.) 63 ses St à de à Ue à — » 
Css 29531 - J.I. Case (Table 7a SL CC 


91.2 29533 - Stelco Crane Runway (Table 7b) . 
9123 29535 = Stelco Chem Lab (Table. 7c) . .. 
91.4 29537 _- Stelco East Filtration (Table 
AO IG, GLO Aes BASS ete etes ee 
AE LAC) 29539) =_Steleo Office: (Table 7e) «=. . « 
JA 29541 — Dofasco Harbour (Table 7f) a 
A7 29543 - Dofasco Galvanizing (Table 7q) 
9158 29545 — Dofasco Quality Center (Table 


ee ss ——— | ee me CC Le —— net —_ —— —— =a —— — rs —_—_-. ee — ee ee _ _ 


10. 


9:19 29547 - Beach Blvd. (Table 7i) : 
SAS 10 29555 Strathearn/Burlington 


9111 29557 - Parkdale North (Table 7k) . 


Qe Dustubralle ce o ©. oo te 8 s) «78 sr © + + 6 


9221 29531 - J.J. Case - .« «+ - + - 

9572672 29533 - Stelco Crane Runway . . 
9523 29535 - Stelco Chem Lab... . 
9.2.4 29537 - Stelco East Filtration 
9255 29539 - Stelco Office ..... 
9.2.6 29541 - Dofasco Harbour... . 
92.7 29543 - Dofasco Galvanizing. . 
9,2:8 29545 - Dofasco Quality Center 
95229 29547 - Beach Pier 25 .... . 


Upwind/Downwind Analysis + + 
LOS L Upwind/Downwind - Multiple Station/Same Day 
LOL Stelco BOF/Heckett - Fiqure 29 


MO ele Stelco Blast Furnaces/ Coke Ovens — 


Figure: 302and-31 « « + + + + . 
10213 Stelco Coal Piles - Fiqure 32 . 
10-14 Dofasco Coal Piles - Figure 33 


105105 Dofasco Melt Shop (BOF) and #1 Coke Plant 


= Figure 34 and 35 + + « « + + 
10:16 Dofasco Foundry - Figure 36... 
VOR 17 Dofasco Blast Furnaces - Figure 37 


106178 Dofasco #2 Coke Plant/Heckett - Fiqures 


38MANMS Oven weil eel Nei ve 19) ESS 


10:19 Columbian Chemical - Figures 40 and 41 


Table 


10.2 Upwind/Downwind - Single Station/Different Days . . 


O2 SL 29531 - diesle. Case - Stelco 
Furnaces/Coke Plants - Figure 42 


10-22 29535 - Stelco Chem Lab - Stelco Blast 


2 2 2 D EE nl 


Furnaces/Coke Plants - Fiqure 43 


10273 29533 - Stelco Crane Runway — BOF /Heckett 


= Fiqures44 co eee te 


Blast 


22 D eee ee eee ———_—_———— —__ 


14 


15 
15 
15 
15 
16 
16 
16 
16 
17 
17 
17 
17 


18 
18 
19 


19 


20 


20 


21 


22 


22 


23 


24 


24 


24 


24 


25 


11. 


12. 


Piles/Heckett - Figure 45 . 


1 Coke/Melt Shops - Fi 
29543 - Dofasco Galvanizing - Dofasco 


Dofasco Harbour 


Blast Furnaces - Figure 48 


Coal Piles 


Melt Shops/Coke Plant - Figure 49 . 


Beach = 


Dofasco 


Plant/Heckett - Figure 50 . 


10.2.4 
10:27:95 29541 — 
Figure 46 . 
102.06 
2 
MO AG 7 
10.2.8 
10.2.9 29547 = 
1027510 


Sources of Elevated Particulate Concentrations at 29547 - 


Beach. se Ce ss. << 


Summary and Conclusions 


e 


29555 Strathearn and 29557 
Columbian Chemical - Figures 51 & 52 


2 


29533 - Stelco Crane Runway - Stelco Coal 


29545 - Dofasco Quality Center - Dofasco 


re 47 


29543 - Dofasco Galvanizing - Dofasco 


Coke 


Parkdale 


. 


25 
26 
36 
27 
27 
27 


28 


29 


31 


BL 


Hamilton Particulate - Sources and Deposition 


Background 


High concentrations of airborne particles are found in 
Hamilton during atmospheric inversion conditions. These 
particles seem to radiate from the industrial area when they 


exceed environmental standards. 


Debate continues about the relative contributions of 
industrial processes, fugitive dust blow off and vehicle 
traffic. Resuspension of settled dust by traffic complicates 


the issue. 


Determining how much individual industrial sources contribute 
is difficult because of the large area of the industries and 
of individual companies within that area. In fact, a single 
process within a steel company can be larger than a complete 


manufacturing plant elsewhere. 


One potential direction of the Clean Air Program is to target 
overall percentage reductions in major pollutants. More 
information would be needed to achieve such an objective in 
Hamilton. There is also concern about atmospheric deposition 
into the harbour, since Hamilton Harbour is a Remedial Action 


Plan area under the Great Lakes Water Quality Agreement. 


In order to better define the sources of suspended particulate 
in air so as to assist our ongoing abatement program, a 
network of suspended particulate samplers and deposition 
(dustfall) samplers were stationed within Stelco and Dofasco 
and elsewhere in the industrial zone between July 26 and 
November 207 1991 Measurements from the samplers are 
analyzed to help determine the relative importance of 


different particulate sources within industrial boundaries. 


Objective of Study 


Pinpoint specific sources within the industrial area to assist 
in abatement of particulate pollution emissions. 


Methodology 
Eleven air monitoring stations were installed at the locations 


described in Table 1 and illustrated on the map in Figure 1. 
Photos of each station are given in Appendix A. 


High volume samplers (hivols) to measure total suspended 
particulates were run at each station. A hivol draws a known 
volume of air through a pre-weighed filter, usually for a 24- 
hour period. The exposed filter is weighed and the difference 
(weight of solids on filter) in conjunction with the air flow 
is used to calculate a concentration in micrograms per cubic 
metre (ug/m°). In this particular survey, samples were run 
for 12 hours each, alternating between 6:00 a.m. and 6:00 p.m. 
starting times (day sample or night) every third day. All 
samples were analyzed for a scan of eight metals, plus 


elemental (free) carbon, total carbon, and carbonate. 


At 9 of the 11 stations dustfall jars were used to measure 
heavy particulate deposition. Dustfall is collected passively 
in plastic containers normally during a 30 day exposure time. 
The dust collected is weighed and expressed as a deposition 
rate of grams/square metre/30 days. In this survey, samples 
were exposed for seven days (although data were still 
expressed in the normal units). All samples were analyzed for 
total loading and a scan of 16 metals. The laboratory 
technique renders the metals data to be only semi-quantitative 


in nature. 


To aid in source identification, known point sources of 


particulate in the industrial zone are indicated in Figure 2. 


All suspended particulate and corresponding wind information 
are given in Tables 2a-2f and dustfall results are given in 
Tables 3 and 4a-4i. Guidelines and objectives are indicated 


in these tables. 


Variations Over Time 


A notable aspect of the suspended particulate results was a 
clear decrease in concentrations as the survey progressed at 
all 11 stations: Figures 3a and 3b illustrate this 
observation for four of the stations. This observation was 
also noted by the Ministry’s routine network of industrial 
zone monitors (Figure 5). Dustfall concentrations did not 
exhibit this same trend as shown by the examples given in 
Figures 4a and 4b. Routine network stations actually showed 
a slight increase in dustfall levels although levels in 
comparison to the months before and after the survey were very 


low. 


The decreases observed by the special survey during the fall 
inversion season run counter to the norm as does the post- 
survey increase during the winter when levels could be 
expected to be lower due to frozen or wet grounds, 
precipitation, etc.. It may be that the major industrial 
facilities were run with greater attention to minimizing 


pollutant releases during the special survey. 
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Validity of Dustfall Results 


Owing to the lower than expected dustfall concentrations 
measured, there was some concern about the seven day exposure 
times. With many samples lacking any rain water, it was 
through possible that accumulated dust in a dry jar could be 
blown out. Thus, during the final three weeks of the survey, 
distilled water was placed in the jars prior to exposure to 
see if this caused a change. However, no significant 
difference could be observed in the data following this change 


in practice. 


Further, three of the jars were located fairly close to 
routine network stations. The average of the four or five 
weeks of consecutive samples from these stations were compared 
to the approximate equivalent monthly exposure of the regular 
network results for August, September, and October. Results 
are given in Table 5 and show a good comparison. Thus, it can 
be concluded that the weekly exposure period and lack of use 
of distilled water for most of the survey did not adversely 
affect the quality of the dustfall results. 


Particulate Composition 


The suspended particulate samples were analyzed for a scan of 
eight metals and carbon. The carbon parameters (free, total, 
and carbonate) and iron and manganese yielded the most 
significant concentrations and variability. The other metals, 
namely copper, nickel, lead, cadmium, chromium, and vanadium 
all showed low levels and little variation. Consequently, the 
data analysis of TSP focused on iron, manganese, and the 


carbons. 


For dustfall, iron, manganese, and zinc were the most 
prominent metals detected and data analysis focused on these 
elements. The other 13 metals showed low concentrations and 
thus, the analysis of dustfall focused on iron, manganese, and 


Zine: 


Spatial Variations 


Suspended Particulates 


Spacial variations of the overall geometric means of are 
depicted in bar graph and map isopleth formats. 


The TSP and carbon parameters showed similar variations as 
shown by the bar graphs in Figures 11-13. Together with the 
isopleth map in Figure 6, concentrations were highest in the 
centre of the Stelco/Dofasco properties. The highest TSP mean 
was 120 ug/m. Conversely, the Beach Station (29547) recorded 
only 3 of 36 and the J.I. Case (29531) only 4 of 35. 


Iron and manganese figures 7, 8 and 17, 15 show "hot spots" 
primarily on Stelco property at sites 29535, 29537, and 29533. 
These stations surround the Stelco Basic Oxygen Furnace (BOF) 
facility. The "iron" objective of 25 ug/m is actually for 
the component FE,0,;. Translating this to pure iron (as is 
measured) an approximate comparable iron target is 17 ug/m°. 
This figure is exceeded in 8-12 samples at each of the three 
stations. The manganese objective of 2.5 ug/m° was exceeded 
only once at one station (29533). Neither objective or target 
was exceeded at any of the other stations. 


Most of the elevated suspended particulate concentrations 
occurred during the early parts of the survey. Figures 20-22 
depict the concentrations measured on three particular days of 
high loadings. In each case, levels increased northwards on 


company properties. 


Dustfall 


Total dustfall average did not exhibit spatial variations 
lending themselves toward isopleth plots. The bar graph in 
Figure 16 does show the maximum levels were measured at site 
29535 - Stelco Chem Lab. Of the 17 weeks of sampling, 16 
exceeded the monthly objective of 7 grams/square metres/30 
days at this site. The next highest station average belonged 
to 29541 - Dofasco Harbour, but station 29543 - Dofasco 
Galvanizing Line showed the next highest number of exceedence 
- 10. 


The iron in dustfall results in Figures 9 and 17 duplicate 
those found for“iron in TSP in Figure 14.) Station) 29555 
Stelco Chem Lab displayed the highest mean by far, indicating 


a local source near that station. 


Manganese is dustfall in Figure 18 showed generally similar 
variations as manganese in TSP (Figure 15) but the differences 
were not as severe. Levels on or near Stelco property were 


highest. 


Zinc in Figures 10 and 19 showed mostly low levels but two 
sites on Dofasco property, 29541 - Harbour and 29543 - 
Galvanizing Line, clearly stood out from the other stations as 
"hot spots". Unfortunately, zinc cannot be analyzed in the 
glass fibre filters used for the TSP measurements, to confirm 


these observations. 


9 


Day Versus Night - Suspended Particulates 


As mentioned in an earlier section, the hivol sampler ran for 
12 hours each, alternating between 6:00 a.m. and 6:00 p.m. 
starting times, allowing for day time and night time samples. 
The night samples are marked with an "N" in the data Table 2a- 
2 fs For each station, the night means were statistically 
compared to the day means using the Student-T test. The 
eleven comparisons are illustrated in Figure 23 and in all 
cases there was no significant difference between day versus 


night at the 95% confidence level. 


This test was parametive in nature and assumed a normal 
distribution in the data. As this assumption is probably not 
correct, the data were also compared using the less powerful 
non-parametive Mann-Whitney U-test. This test also indicated 
no significant difference between day and night means at the 


95% confidence level. 
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Effect of Rainfall on Particulate Levels 


Rainfall normally has the effect of reducing airborne 
particulate levels by direct washout or by reducing fugitive 
emissions off roads, stockpiles, unpaved lots, etc.. 


During the hivol sampling schedule there were four days of 
significant rainfall. The parameters TSP, free carbon, and 
total carbon were analyzed and isolated in Table 6. The 
geometric means from these rain samples are compared to the 
overall means in Figures 24 and 25. Most of the stations did 
show significant decreases in TSP and carbon levels; 30-36% on 


average. 


Greatest decreases were observed at the Stelco Chem Lab site 
(29535), the site of highest dustfall loadings and high 
suspended particulates. This would indicate a lessening in 
fugitive dust surrounding the area. However, plume washout 
can be another factor as shown by station 29543 - Dofasco 
Galvanizing. This site was located 85 feet above ground, very 
remote from fugitive ground level dust, and still recorded a 
drop in TSP of over 40%. Plume washout could be assumed to 


have caused this decrease. 


The small samples sizes (3 or 4 dates each) preclude precise 
determination of this effect. Also, the small amount of 
rainfall days cannot be used as an explanation for the much 
reduced suspended particulate readings as the survey 


progressed. 
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Correlation With Wind Direction 


Suspended Particulate 


The suspended particulate data (TSP, iron, manganese, and 
carbons) were correlated with the wind direction frequency 
figures (hours per sample) given in Tables 2a-2f. Wind 
directions from Ministry of the Environment (MOE) station 
29026 - Woodward Avenue were utilized and the resulting 


correlation coefficients (r) are given in Tables 7a-7k. 


As a guide, a perfect correlation would yield an r=100. Owing 
to the many and varied influences that can affect hivol data, 
positive "r" values greater than say 0.40 can be considered 
significant. The square of these values multiplied by 100 
determines the percentage variation in the concentration data 
that the variable (wind direction) accounts for. For 
instance, if x versus y correlates with an r=0.50, "x" 


accounts for 25% of the variation in "y". 


In each table of 7a-7k, dual correlations were performed. The 
first half utilized all of the data. However, many of the 
samples, particularly the night samples, included many, if not 
all, calm hours which yielded zero hours of any wind 
direction. This tended to confound the analysis and produced 
mostly weak positive correlations. To compensate, the night 
samples were eliminated and the day time samples were re- 
analyzed. These results, presented along side the overall 
results in each table, strengthened the positive correlations 
in most cases. The positive correlations indicate the 
directions most affecting the stations and are illustrated in 
Figure 26. A station-by-station run down of source 


identification follows. 
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29531 - J.I. Case (Table 7a 


The northeast direction was clearly dominant. This 
direction indicates Stelco sources to be the 
primary source of concern here. The coke 
ovens/blast furnace, BOF, Heckett, etc. are all 


potential contributors. 


29533 - Stelco Crane Runway (Table 7b) 


This site correlated best with southwest and west 
directions. The Stelco BOF, Heckett, coke ovens, 
blast furnaces, and coal/ore piles are all 
potential contributors. Fugitive dust sources are 
also potential contributors as shown by the photo 
in Appendix A. Large areas of unpaved dusty lots 
lie in the immediate vicinity of the monitor, 
although it was made as remote as possible from 
fugitive sources, 40 feet above ground. The fact 
that this station yielded the highest manganese 
levels in the survey may be indicative of the BOF 
being the primary source. 


29535 - Stelco Chem Lab (Table 7c) 


Westerly winds were the main direction here. 
Stelco coke oven batteries and/or "D" blast furnace 
would appear to be primarily in this direction. 
Second highest iron/manganese levels may be more 
indicative of the blast furnaces. Northwest winds 
yielded weaker correlations possibly pointing at 
"E" blast furnace and/or the BOF or coal/ore pile. 


13 


29537 - Stelco East Filtration (Table 7d) 


The various elements correlated with different 
directions. Carbon correlated with north, 
northwest, and east winds, possibly pointing at the 
Stelco Heckett operation (north) and the Dofasco 
coke ovens to the east. Iron correlated with 
northwest. There are no apparent stationary 
sources of iron in this direction. As this station 
yielded the highest iron levels in the survey, the 
most obvious source of iron would appear to be the 
Stelco BOF to the northwest or Dofasco blast 
furnaces to the east. Perhaps localized wind 
effects render the Woodward Avenue wind data 


unrepresentative. 


29539 - Stelco Office (Table 7e 


TSP did not correlate well with any direction. 
Carbon correlated strongly and iron weakly with 
northwest pointing at either the coke oven 
batteries and/or the "D" blast furnace. The nearby 
Chem Lab and J.I. Case stations also pointed at 
this area. Manganese correlated with northeast - 
source unknown, but manganese levels were among the 


lowest levels measured (as were those for iron). 


29541 - Dofasco Harbour (Table 7f) 


All parameters correlated strongly with southwest 
winds. The single highest TSP/carbon concentration 
was measured here on August 22 during southwest 
winds. The most obvious source is the adjacent 
coal pile area. This is confirmed by the 


relatively low iron/manganese levels. 
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29543 - Dofasco Galvanizing (Table 7q) 


The name for this station may actually be a 


misnomer but will be retained for simplicity. 


All parameters correlated strongly with west winds 
and weakly with northwest. While this points at 
much of the neighbouring Stelco property, it also 
points at Dofasco’s own line of blast furnace/cast 
houses immediately in the forefront of the station. 
As well, this station recorded the highest free 
carbon levels in the survey on average and as such, 
both the Dofasco No. 1 and No. 2 coke oven 
batteries must be considered as potential 
contributors as they lie on the fringes of westerly 


sector. 


This station’s elevation - 85 feet above ground, 
essentially eliminated ground level fugitive dust 
sources as contributors to the measurements. The 
elevated readings at this site were mainly due to 


point sources. 
29545 - Dofasco Quality Center (Table 7h 


All parameters correlated best with east and 
northeast winds. This cleariy points at the 
Dofasco No. 1 melt shop/No. 1 coke oven battery 


area which lie nearby. 


29547 - Beach Blvd. (Table 7i) 


Most parameters correlated best with west winds but 
the TSP correlation was weak. This direction 


essentially points at the entire industrial zone 
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but further analysis in later sections of this 


report attempt source identification. 


OP AIO 29555 - Strathearn/Burlington (Table 7j) 


This site measured low concentrations of most 
parameters. Very weak correlations with east 
winds, particularly for free carbon, indicate a 
small effect by Columbian Chemical. 


Cha bal 29557 - Parkdale North (Table 7k) 


TSP and carbon correlated with southwest winds; the 
carbons’ strongly. This indicates Columbian 
Chemical to be the primary source. The actual 
concentrations however were much less than observed 
in the midst of the steel mills. 


Dustfall 


The dustfall weekly exposures were also correlated with the 
weekly wind direction frequencies given in Table 8 and 
illustrated in Figure 27. The correlation coefficients are 
given in Table 9. The weekly exposures minimize resolution 
and together with the impression of the dustfall measurement, 
the correlations must be viewed with some caution. For these 
reasons, the TSP correlations are better at pinpointing 


sources but those for dustfall can be used for corroboration. 
Ch L 29531 - J.I. Case 


Total dustfall and iron best correlated with 
northeast and east winds, similar to the hivol 
results. The manganese and zinc results correlated 
best with south winds but these correlations may be 
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incidental due to the very low frequency of south 
winds shown by Figure 27. The Stelco coke 
oven/blast furnace area is probably the dominant 
influence on this station. 


29533 - Stelco Crane Runway 


Best correlations, although weak, occurred for 
southwest and west as the hivol results showed. 
Positive results for south and southeast may be 
incidental due to the low frequency of these 


directions. 


29535 - Stelco Chem Lab 


Discounting the southeast correlation again, the 
best correlations occurred with west winds similar 
to the hivol results indicative of the coke 
oven/blast furnaces. Carbon was also positive. 


Zinc correlated with southwest. 
29537 - Stelco East Filtration 


Northwest (and calm) correlated best similar to the 
hivol results suggesting that the Stelco BOF was 
the prime source. East winds from Dofasco did not 
correlate as they did for hivol. Southwest winds 


correlated weakly for zinc. 
29539 - Stelco Office 


Calm winds correlated best but west and northwest 
yielded positive correlations for total dustfall 
and zinc respectively similar to the hivol results 
indicative of the blast furnace/coke oven area. 
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29541 - Dofasco Harbour 

Southwest, west, and northwest, all from the 
general direction of the coal piles, correlated 
best, similar to the hivol results. The northwest 
direction may indicate ship unloading operations to 


be a source. 


29543 - Dofasco Galvanizing 


West and northwest from the general direction of 
the Dofasco blast furnace/coke ovens correlated 
best, similar to the hivol results. North winds 


were also positive for manganese and zinc. 


29545 - Dofasco Quality Center 


Similar to hivol, winds generally from the 
northeast/east were the dominant directions 
indicative of the nearby coke ovens and No. 1 melt 


shop. 


29547 - Beach Pier 25 


Correlations were unlike hivol in that southerly or 
northwest winds (rather than west) correlated best. 
The southerly correlation may be incidental only. 
There were only two weekly exceedences of the 
monthly objective here and both occurred in the 
weeks containing maximum southerly winds. However, 
these weeks contained far more west and southwest 
winds. This argument can be true for any of the 


dustfall correlations for low frequency winds. 


10. 


10.1 
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Upwind/Downwind Analysis 


The hivol data were further analyzed by isolating days of 
dominant wind directions. Stations that would have been 
upwind and downwind of particular point sources were then 
compared in bar graph formats. 


As can be seen from Figure 28, west and southwest winds were 
by far the dominant directions which occurred during the 
survey followed by northeast/east. These were the only 
directions which could be used which could provide enough data 
for an accurate analysis. Data from all stations on 
southwest, west, and northeast directions are given in Tables 
10-18. The tables were subdivided into Stelco, Dofasco, and 


Columbian Chemical stations. 
The upwind/downwind analysis was determined the two methods: 


1: For each wind regime one station downwind of a source of 
group of sources was compared to one or more stations on 


the upwind side of that source. 


2 Single station averages during different wind regimes 
were compared which would place that station either 


downwind or upwind of a particular source. 


It should be noted that the four rain dates were not included 
in this analysis. The following will summarize the results 


around major industrial facilities. 


Upwind/Downwind - Multiple Station/Same Day 


The comparisons illustrated in Figures 29-41 show relative 
magnitudes in order to appear in the same graph. The actual 
figures should be divided by 10 to yield microgram/cubic metre 
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concentrations for iron, free carbon, and total carbon and by 


100 for manganese and carbonate. The TSP figures are 
unchanged. 
(oe Det Stelco BOF/Heckett - Figure 29 


10-12 


Days of southwest winds placed station 29533 = 
Crane Runway downwind of these facilities and 29535 
- Stelco Chem Lab upwind. The Figure shows no 
additive effect of the subject sources (4 of 6 
parameters gave higher upwind averages). Only TSP 
and manganese showed an additive effect. 
Considering the dustiness of the immediate area 
near the sampler, and the BOF’s apparent effect in 
some of the other analyses, this result tends to 
show the severity of levels at the Chem Lab which 
would presumably be affected by "D" blast furnace 


or coke ovens under these winds. 


Stelco Blast Furnaces/ Coke Ovens — Figure 30 and 
a 


Days of west winds placed stations 29537 - East 
Filtration and 29535 - Chem Lab downwind and 29531 
-LJ.T. Case upwind (Figure 30). Both downwinds 


were significantly higher than the upwind, the Chem 
Lab more so due to its closer proximity to the 
subject sources. Iron levels were slightly higher 
at the Filtration site than at Chem Lab, indicating 
the BOF may have had some contribution at the 


former. 


10.1.3 


10.1.4 
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Days of northeast winds placed 29531 - J.I. Case 
downwind and 29535 Chem Lab and 29539 - Office 
upwind (Figure 31). In most cases, the downwind 
J.I. Case site was about equivalent or much less 


than the two "upwinds" particularly the Chem Lab 


site. Iron and carbonate concentrations were 
extremely high at the Chem Lab , the highest 
observed for any subset in the survey. Under 


northeast winds this site was downwind of the 
Heckett facility and possibly the BOF if localized 


wind patterns were different from Woodward Avenue. 


Stelco Coal Piles - Figure 32 


Days of west winds placed 29533 - Stelco Crane 
Runway downwind and 29539 - Stelco Office upwind 
(of the entire plant). Large differences were 
observed for all parameters indicating a severe 
effect. The Heckett facility may have contributed 
as shown by the very high iron differential. The 
very high carbonate differential may indicate that 
the Heckett site is a significant contributor of 
this component. Visible white dust clouds attest 
to this. 


Dofasco Coal Piles - Figure 33 
Days of west winds placed 29541 - Dofasco Harbour 


downwind and 29533 - Stelco Crane Runway upwind. 
The upwind readings at Stelco Crane were mostly 
higher (or slightly lower in two cases) indicating 
that Stelco sources were major contributors rather 
than the Dofasco coal piles. The Stelco BOF, 
Heckett, coal piles, etc. are all possible. 


TO 
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The elevated carbonate levels were probably from 


Stelco Heckett as noted above. 


The two key parameters, free and total carbon, were 
indeed the two that were marginally higher at the 
downwind site and thus the Dofasco coal piles did 
contribute there to carbon levels. 


Dofasco Melt Sho BOF) and #1 Coke Plant - Figure 
34 and 35 


Days of southwest winds placed 29543 - Dofasco 
Galvanizing downwind and 29545 - Dofasco Quality 
Center upwind (Figure 34). The carbon and iron 
parameters showed significantly higher downwind 
concentrations indicating the subject sources to be 
substantial contributors. The TSP difference was 
not as large. The upwind station 29545 was 
downwind of traffic on Burlington Street and the 
Dofasco Foundry. Further, the downwind site was 
located on a very high roof, 85 metres above 
ground, making it remote from ground sources 
helping to explain this observation for TSP. 


The reverse situation of northeast days placed 
29545 downwind and 29543 upwind (Figure 35). 
Similar observations were observed as above, except 
the downwind effect on TSP and iron were greater 
possibly indicating a greater effect of the No. 1 
melt shop, and the carbon downwind effect was less 
indicating a reduce effect of the coke ovens. The 
latter observation could indicate that coke ovens 
or coke quench emissions undergo high plume rise 


and travel in elevated plumes. 


10.1.6 


10.1.7 
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Dofasco Foundry - Figure 36 


Days of southwest winds placed 29545 - Dofasco 
Quality Center downwind and 29531 - J.I. Case 
upwind. The latter station was chosen as it was 


free of industrial influences much like a station 
to the southwest of the foundry, had one existed. 
There were clear upwind/downwind differences 
observed, particularly for TSP, iron, and carbon. 
It should be noted that traffic on Burlington 
Street lay in between the downwind station and the 
foundry and could have contributed to the 
downwinds. This. traffic) icontribution ‘can “be 
estimated through comparison to Figure 40’s 
southwest results for station 29555 - Strathearn, 
about equal distance from Burlington Street as 
29545. The downwind results for 29545 all exceed 
those of 29555, indicating a clear effect of the 


foundry, particularly for TSP, iron, and carbon. 


Dofasco Blast Furnaces - Figure 37 


Days of west winds placed 29543 - Dofasco 
Galvanizing downwind and both 29545 - Dofasco 
Quality Center and 29537 - Stelco East Filtration 
upwind. The latter station was chosen to be upwind 
of Dofasco, but downwind of Stelco, to gauge the 


latter’s emissions entry to Dofasco. 


As can be seen, the downwind averages at 29543 were 
very high in comparison to both upwinds, 
particularly for TSP, iron, and carbon. These 
downwind carbon averages were the highest of any 
data subset observed in this survey and indicate a 


major contribution from these stack sources. The 
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station’s elevated location, 85 metres above 
ground, further emphasizes that stacks were indeed 
the prime contributors and it can be assumed that 


these emissions can travel some distance downwind. 


Dofasco #2 Coke Plant/Heckett - Figures 38 and 39 


West days placed Beach station 29547 downwind and 
29537 - Stelco East Filtration upwind (Figure 38). 
For all parameters, the upwind site which was 
downwind of the main Stelco sources gave generally 
much higher averages than the downwind Beach 
monitor. It is unlikely that the subject Dofasco 
sources made any significant contribution to the 


Beach. 


Northeast days placed 29537 - East Filtration 
downwind and 29541 - Dofasco Harbour upwind of the 
subject sources (Figure 39). Huge differences are 
apparent, in part because the upwind was measuring 
low background type air from off the harbour. The 
extremely high iron levels on the downwind side may 
indicate that Dofasco blast furnaces contributed to 
these measurements. The Stelco BOF is another 
possibility but the source required northwest winds 
to impinge. There are no apparent stationary 
Sources of iron to the northeast of the Filtration 
plant. Similar to the Stelco Chem Lab site 29535 
(Figure 31), it is likely that the Dofasco Heckett 


facility was the source. 
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Columbian Chemical - Figures 40 and 41 


Days of southwest winds placed 29557 - Parkdale 
downwind and 29555 - Strathearn upwind. Free and 
total carbon showed a clear downwind contribution, 
but levels were lower than measured at other 
stations in the survey. The other parameters 
showed either small or non-existent differences 


(higher upwinds). 


Days of northeast winds reversed the above two 
stations. In this case, Strathearn measured higher 
downwind average for all parameters. However, the 
magnitudes of the downwind carbon levels were less 
than in the southwest wind case above because 
Strathearn lies further from Columbian than 
Parkdale - Columbian’s effect then during this 
survey was very localized and small. 


10.2 Upwind/Downwind - Single Station/Different Days 


10.2.1 


10.2.2 


29531 - J.I. Case - Stelco Blast Furnaces/Coke 
Plants - Figure 42 


Days of northeast placed this station downwind and 
days of southwest upwind. Clear differences are 
observed for all parameters, although the actual 
downwind concentrations are not as elevated as at 


other locations. 


29535 - Stelco Chem Lab - Stelco Blast 


42-7 SOOO SS SS eee 5585858 ee 


Furnaces/Coke Plants - Figure 43 


Days of west winds placed this station downwind and 
northeast upwind. Carbon levels were more elevated 


10.2.3 


10.2.4 
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on the downwind days but iron and carbonate were 
much higher on the upwind northeast days as 
previously noted by Figure 31. Stelco Heckett or 
the BOF are obvious local sources of iron to the 


northeast but the source of carbonate is not clear. 


29533 - Stelco Crane Runway - BOF/Heckett - Figure 
44 


Days of southwest winds placed this station 
downwind and northeast upwind. Substantial 
differences are observed, partly because northeast 
winds were background air uninfluenced by any 
industrial source. The Stelco blast furnaces/coke 
plant area could have also contributed to the 


downwind effect. 


29533 - Stelco Crane Runway __= Stelco Coal 
Piles/Heckett - Figure 45 


West winds placed this station downwind of the coal 
piles and the Heckett facility and northeast winds 
off the harbour upwind. A substantial difference 
was observed, particularly for TSP, iron, and 
carbonate, similar to Figure 32. The high iron 
differential again indicates that the Heckett 
facility was a major contributor. Carbon levels 
did show clear downwind effects. Both Heckett and 
the coal piles could contribute to these. The 
large carbonate effect was probably due to Heckett. 
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29541 - Dofasco Harbour - Coal Piles - Figure 46 


West winds placed the station downwind and 
northeast winds upwind. Substantial downwind 
differences are apparent but this figure should be 
compared to Figure 33 in which upwind readings on 
west wind days were as high or higher than at 
station 29541. Stelco sources were likely major 
contributors. If carbonate can be used as an 
indicator of Heckett, that source’s contribution to 
29541 was small. 


29545 — Dofasco ualit Center -  Dofasco al 


Coke/Melt Shops - Figure 47 


Days of northeast winds placed this station 
downwind and southwest upwind. Downwind effects 
are apparent but are not as significant as other 
comparisons. The greatest effect was for iron, 
indicating the melt shop’s effect. This comparison 
is affected by the fact that the "upwind" days 
placed this station downwind of the Dofasco Foundry 
and Burlington Street. The results of Figure 47 
are similar to those of Figures 34 and 35. The 
effects of the coke plant on this site may be muted 
due to plume rise phenomena. An upcoming section 
notes a greater effect on carbon levels at higher 


elevations downwind of the coke plant. 
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29543 -  Dofasco Galvanizing - Dofasco Blast 
Furnaces - Figure 48 


Days of west winds placed this station downwind and 
northeast winds upwind. Large downwind effects are 
observed similar to those shown previously by 
Figure 37. The carbon averages were extremely 
high. Stelco sources may have contributed 
somewhat, but the Dofasco blast furnaces were 


likely the prime sources, particularly for carbon. 


29543 - Dofasco Galvanizing - Dofasco Melt 
Shops/Coke Plant - Figure 49 


Southwest winds placed this station downwind and 
northeast upwind. A clear downwind effect is 
apparent for TSP, iron, and carbon, similar to 
Figure 34. Manganese and carbonate showed an 
effect. The effect on carbon was greater than 
observed at site 29545 - Quality Center suggesting 
that coke oven emissions undergo plume rise to high 


evaluations. 


29547 - Beach - Dofasco #2 Coke Plant/Heckett - 
Figure 50 


Days of west winds placed this station downwind and 
northeast winds upwind. The figure can be viewed 
together with Figure 38 - a similar comparison. 
Downwind effects are apparent in Figure 50, but as 
shown by Figure 38, they cannot be ascribed to the 
subject sources. An attempt will be made in an 
upcoming section to apportion sources affecting the 


Beach site. 
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29555 Strathearn and 29557 - Parkdale - Columbian 
Chemical - Figures 51 & 52 


Station 29555 was downwind on northeast days and 
upwind on southwest. Figure 52 shows virtually no 
downwind effect by the subject source. This figure 
can be compared to Figure 41 which suggested a 
small contribution from Columbian. But Figure 52 
suggests the latter’s contribution at this site 
during this survey was about equivalent to 


emissions from Burlington Street. 


Station 29557 - Parkdale was downwind on southwest 
days and upwind on northeast. Figure 51 shows a 
clear downwind effect, particularly for carbon. 
The results are similar to those shown previously 
by Figure 40 except the differences are greater 
because the upwind case is less affected by other 


sources, namely Burlington Street. 
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Sources of Elevated Particulate Concentrations at 29547 - 


Beach 


As noted previously, suspended particulate concentrations at 
Beach station 29547 correlated best with westerly winds. An 
attempt was made to determine the sources most affecting this 
monitor by comparing its days of higher concentrations to 
those of five stations in the immediate forefront of this 


general wind direction. 


Data in Table 19 isolates eight dates when TSP levels reached 
or exceeded 100 ug/m° at station 29547. The data from five 
industry station are presented along side. These stations 


are: 


29533 - Stelco Crane Runway 
29535 - Stelco Chem Lab 

29537 - Stelco East Filtration 
29541 - Dofasco Harbour 

29543 - Dofasco Galvanizing 


The co-variation of 29547 TSP, iron, manganese, and carbon 
with the same parameters for their five stations are 
illustrated in Figures 53-57. The degree of co-variation is 
determined by the linear correlation coefficient in Table 20. 


From the table it is clear that the Beach elevated 
concentrations correlated powerfully with those of station 
29543 - Dofasco Galvanizing, with "r"s greater than 0.9. The 
next best correlations were for 29533 - Stelco Crane Runway, 


but these "r"s were also powerful in the 0.6-0.7 range. 


Thus, it may be argued that as Dofasco sources were the main 
contributor at 29543, they may also be a significant 


contributor to the Beach locations. Further, since 29543 was 
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clearly affected mainly by point sources due to its high 
elevation, the Beach site is likewise. This is partial 
confirmation of past studies which have suggested that point 


sources rather than fugitive ones affect the Beach the most. 


12. 


31 


Summary and Conclusions 


A) 


B) 


C) 


D) 


E) 


This survey noted lower than normal particulate 
concentrations. Concentrations of suspended particulates 
and dustfall at routine network stations troughed during 
the survey only, to only give rise again post-survey. 
During the survey itself, suspended particulate 
concentrations improved progressively over time. It is 
unlikely that weather phenomena could account for the 


change. 


Analysis of the particulate samples indicated the prime 
constituents of the dust were iron, manganese, and 
carbon. Metals such as lead, cadmium, nickel, and 
chromium were at background levels, confirming routine 


network monitoring. 


The dustfall, TSP, and metals objectives were exceeded 
most often in the central areas of the steel mills. Few 
exceedences were measured off-property or at fringe 
stations. The latter observation was atypical of routine 


observations. 


There was no statistical difference between day and night 


TSP samples at all locations in the industrial zone. 


Rainfall had the effect of reducing suspended particulate 
levels by about 30-36% on average. This effect was 
caused both by plume washout and by a lessening of 


fugitive ground level dust re-entrainment. 


F) 


G) 


32 


Wind correlations and upwind/downwind analyses indicated 


the following to be significant sources of particulate: 


Stelco BOF, blast furnace/coke oven area, Heckett, 


coal piles 


Dofasco melt shops, #1 coke plant, blast furnaces, 
foundry 


Of these sources, due to their position and the nature of 
their emissions (fugitive), the Stelco Heckett and coal 
piles had the least off-property effects except for their 


likely contribution to loadings into Hamilton Harbour. 


The Dofasco coal pile area did not appear to be a 
significant source during the survey but the potential to 
be one is ever present if mitigative control actions are 


not maintained. 


Columbian Chemical was a minor source of carbon 
particulate during survey. Its effect was small and 
localized. Since the survey, this company may have had 
an increase in this effect as evidenced by frequent 


visible releases. 


Stack emissions appeared to be prime contributors to many 
of the measurements. Concentrations at an elevated 
station, remote from ground level fugitive dust were as 
high or higher than most of the other data and yielded 
some of the highest concentrations. 
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H) The higher concentrations measured at the Beach Pier 25 
station correlated very strongly with the Dofasco 
Galvanizing station - the elevated locations mentioned 
above. This suggests and confirms that point sources, 


possibly Dofasco’s, are prime contributors at the Beach. 


This survey was a rough indicator of particulate source 
identification in the industrial zone. It should be stressed 
that this is not a be-all end-all, definitive study. Further 
studies offering greater precision are currently under way or 


being planned. 
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TABLE 2b 
HIVOL SURVEY OF HAMILTON'S INDUSTRIAL ZONE 
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